Objective: Low birth weight is associated with increased lifelong morbidity. Kerala has a renowned, low-cost, maternal-child health system in which is couched universal access to the Integrated Child Development Scheme (ICDS), central to which is community-based maternal-infant nutritional supplementation. We assessed whether children in this environment showed enhanced birth weight and postnatal growth and whether the evolution of early markers of CVD was attenuated in comparison to contemporaries from other states. Design: A part retrospective, part prospective cohort study in which children (n 286) born in 1998-2000 in Calicut were identified from Anganwadi records. They were traced at 6 years and underwent full anthropometry and blood pressure measurements at 6 and 8 years.
The association between low birth weight and adult chronic disease was first reported over 20 years ago. Since then, the same inference has been made in cohort studies worldwide. These have consistently shown a higher prevalence of CVD markers, glucose intolerance, immunological impairment and cognitive deficiencies in adults born with low birth weight relative to their contemporaries with 'appropriate' birth weight. The causal pathway is complex. Birth weight is a 'marker' of maternal-fetal nutrition, placental function, gene and gene/ nutrient expression, and intra-uterine infection load. Postnatal growth and nutrition are further major effect modifiers (1) (2) (3) (4) . In India, studies have provided evidence of additional postnatal interactions of low birth weight with both maternal and children's diet and activity levels (2) (3) (4) . The state of Kerala, despite a low per capita income, has long held a reputation for its health indices, suggesting that evidence-based use of available resources rather than major investment is the key. The Integrated Child Development Scheme (ICDS) was launched in 1977 in thirty-three centres on a national level and focused on families belonging to the lower socio-economic strata with an aim of improving the health, nutrition and development of children. Central to the scheme is the provision of a cereal-based meal providing approximately 2 MJ/25 g protein and 1?25 MJ/10 g protein daily to pregnant and lactating women and children under 6 years old, respectively. The supplementation programme is augmented by basic health and hygiene education, anaemia control and immunisation. Coverage in Kerala is nearuniversal, though is of the order of 50 % of the total population of children elsewhere in India (5) (6) (7) . The ICDS is administered in population blocks of 100 000, further sub-divided into small units of 1000 which are referred to as Anganwadi (kindergarten) areas. Each such area is managed by a matriculate female community health worker and a female helper from the same locality. Funding for the scheme is provided by the Departments of Social Welfare and Health and the Anganwadi centres are provided by the community.
In Calicut, the supplement consists of a nutritional mix called amritham, a mix of wheat, green gram and oil. It is available (on collection) to pregnant and lactating mothers, adolescent girls and children less than 6 years of age. Additionally the scheme supplies Fe and folic acid for mothers and adolescent girls, and child growth monitoring, immunisation and non-formal pre-school education.
Calicut ICDS Project Urban 1 was initiated in 1977 and is administratively divided into four sectors demarcated by natural boundaries. In 2000 the total population under 6 years of age was 1213. The area is largely Muslim and 75 % of the adult male population is employed as labourers or in the offshore fishing industry.
We sought to test the hypothesis that, with universally affordable health service and ICDS coverage, the children of Kerala would enjoy more favourable growth patterns than other Indian children and that early susceptibility to chronic disease might be attenuated.
Methods
The study was approved by the Department of Social Welfare, Kerala State Government. The children were traced from the Angawadi register with the help of the Angawadi workers at the age of 6 years (2003-4) and their families contacted. We obtained informed consent from all families and the children were brought for clinical assessment. Initial measurements were done at the age of 6 years (as close to the 6th birthday as feasible) and repeated two years later at the age of 8 years. Two of the authors (N.B. and C.K.S.) trained and supervised a team of medical students all of whom underwent both baseline intra-observer testing and repeat testing a year later to ensure reliability. The following measurements were made at each visit: (i) weight (standing) taken on Seca electronic scales; (ii) blood pressure by means of an Omeron electronic BP apparatus; and (iii) skinfold thickness measurement by callipers (each measure made three times). Data were double-entered and cleaned as necessary. We identified the following as outcomes of potential cardiovascular importance and analysed them as dependent variables: (i) blood pressure; (ii) waist: hip ratio (WHR); and (iii) subscapular:triceps skinfold ratio (SSTR). Both WHR and SSTR are established markers of central (coelomic) fat deposition, a phenotype to which the Indian population appears particularly susceptible (8, 9) . High WHR and SSTR suggest greater central adiposity; conversely, obesity with low WHR and SSTR, i.e. more general fat deposition, has lower associated risk.
Statistical methods
All data were double-entered. The lack of resources limited the verification of accuracy and consistency during data collection, so we generated histograms of all variables to be examined by eye. Anomalous values were flagged up, as were inconsistencies (e.g. a later weight being less than a previous weight for the same subject; negative values for age). Two of us (D.F. and N.B.) reviewed these values and where possible corrected them to their nearest accurate values (e.g. factors of 10). If the correct value was not obvious or could not be decided upon, it was set to missing -no interpolation was carried out.
We calculated external Z-scores for weight-for-age by the least-mean squares method, using the 2006 WHO reference data (10) . Skinfold measurements were taken three times; as the distributions were skewed, geometric means were taken in preference to arithmetic means. We log-transformed the measurements of skinfold and standardised them to have zero mean and unit standard deviation in order to aid interpretation for regression analyses.
We adjusted growth data and 8-year outcome measurements to a constant age at each time point (e.g. all 2-year measurements were adjusted to age exactly 2 years), and to male sex. In addition, we performed the regression of growth data at each time point v. data from all previous time points to create residuals interpretable as conditional weights. The regressions themselves were univariate (as adjustments for age and sex had already been made).
All statistical analyses were carried out using the STATA statistical software package version 9 (Stat Corp., College Station, TX, USA).
Results
During the study period, 286 babies with birth weight data were followed up (Tables 1 and 2 ). Of these we collected complete follow-up data on 210 children (73?4 %) and partial data were available on 241 (84?3 %) at 8 years of age. Mean birth weight was 2?86 (SD 0?40) kg. The infants remained light by international (National Center for Health Statistics, NCHS) norms, with weight remaining ,-1SD below the reference median from 6 months onwards, the nadir being at 6 months.
A higher birth weight was found to significantly predict a lower WHR (P , 0?01) and greater BMI (P , 0?05) at 8 years (Table 3) . Additionally, a greater weight at 8 years (nonconditional) significantly predicted a lower WHR (P , 0?05).
Faster weight gain in infancy was weakly predictive of lower WHR and SSTR (P 5 0?59). Faster late childhood growth at 6-8 years was non-significantly predictive of higher WHR.
The associations between weight, growth and blood pressure were all non-significant (Tables 3 and 4 , Fig. 1 ). There was no significant association between birth weight and 8-year systolic blood pressure. A greater weight score at any age was associated with an increase in systolic blood pressure, but conditional adjustment for previous weights attenuated the coefficients to non-significance.
Discussion
The children in our cohort were of greater birth weight than contemporaries born in non-ICDS areas such as rural Maharashtra (2?66 kg), urban Andhra Pradesh (Hyderabad; 2?59 kg) and rural Andhra Pradesh (2?50 kg) (11) (12) (13) . However, during infancy and early childhood the children's weight remained consistently more than 1SD below the NCHS reference median with a nadir weight-for-age Z-score at 6 months of age.
The birth weight predicted higher BMI and a lower WHR at 8 years; thus a larger baby would be likely to remain large but appropriately so, with the weight gain in the form of 'healthier' lean tissue or peripheral adipose tissue rather than central/coelomic fat. Although not necessarily of importance at this age, this suggests (assuming this trajectory were to continue) that heavier babies are afforded protection against CVD with signs identifiable by mid-childhood.
Put another way, the trajectory of a lower-birth-weight baby would be towards a lower BMI and more adverse, centrally adipose phenotype at 8 years of age, a finding comparable to those from other studies (12) (13) (14) (15) (16) (17) .
Unlike in other cohorts, low birth weight appeared to have no significant association with blood pressure in the present study. Whether this is a result of intra-uterine protection, more favourable growth trajectories, local nutritional factors or other (genetic) factors inherent to Keralan children cannot be inferred at this stage.
The timing of postpartum growth was important and seemed to be an additional effect modifier. Rapid infant growth appeared protective, but rapid later childhood growth (between 6 and 8 years of age) weakly predicted adverse WHR and systolic blood pressure. These trajectories have been identified in other studies (12) (13) (14) (15) (16) (17) (18) (19) (20) . Those in the lowest birth weight tertile remained at higher risk of a high WHR but this was attenuated by faster overall growth. These findings are compatible with the Barker hypothesis (1) , in which suboptimal intra-uterine growth modified by further 'adverse' post-infant growth triggers a susceptibility to potentially harmful patterns of fat deposition and other risk factors for chronic disease.
How then do we interpret these findings? The inference appears to be that our cohort shows some similarity in risk profiles to other Indian children but with a degree of attenuation. The explanation for the latter is likely to be complex, as discussed in the following.
Supportive recent evidence from Andhra Pradesh suggests that adults in their third decade who benefited from the ICDS scheme as children have fewer risk factors of CVD and impaired glucose tolerance than contemporaries originally from adjacent areas where ICDS was instituted later (12) . In the Kerala ICDS, pregnant women and their children receive of the order of an additional 15-20 % of energy above the 'norm'. It is likely that this is at least a partial explanation for the greater birth weights and that these children, postnatally, are metabolically more 'resilient' as a result. Indeed, our results do show less pronounced changes in adverse anthropometry and blood pressure for given growth patterns.
What then of other explanations for our findings and the implications for generalisability? Can the Kerala model be replicated?
Despite a low per capita income, Kerala has had outstanding key health outcomes such as perinatal mortality, infant mortality and life expectancy for many years. In policy terms, Kerala, unlike other states, has had a long state-level commitment to public and social services; this includes education, with literacy rates far higher than elsewhere. These have been achieved despite a high migrant population and comparable levels of poverty to other states (21, 22) . Of great importance and direct benefit also are the other, non-nutritional components of the ICDS (6, 7) and Kerala health service. These include: universal access to antenatal care; hospital delivery; education and high literacy rates; and high vaccinations rates. Access to and usage of the family planning services ensures less intense nutritional demand on mothers and some financial protection for families.
There appears to be a degree of maternal, fetal and postnatal protection through the ICDS programme and the whole Kerala health and social programme. We were not able to measure genetic or lifestyle factors in this stage of the study but would be interested in assessing these over the coming years.
We acknowledge a number of weaknesses in the present study. Currently we only have data to the age of 8 years and we cannot extrapolate with any confidence to adulthood. We therefore feel a responsibility to continue follow-up in the long term. We had no direct control group as the ICDS programme in Calicut was accessible to everyone, but have a number of quasi controls from other (non-ICDS) areas of similar background. At birth the only data (albeit complete) available were birth weight; other anthropometric measures (including parental) were not available nor was gestation known. However, we have no reason to believe that the range of gestation was markedly different from any other Indian cohort and therefore it is reasonable to infer that these babies were relatively well grown. Parental anthropometry would additionally have been useful in terms of elucidating the causal pathway.
The history of maternal nutritional trials is surprisingly controversial, with the overall evidence for maternal protein-energy supplementation at community level still debated (23, 24) . Meta-analysis of isoenergetic proteinenergy supplementation trials suggests possible harm in terms of risk of small for gestational age and mean birth weight from protein-energy hyperalimentation during pregnancy (25) . However, these programmes and studies have involved supplementation way in excess of the population norms and have not tested more modest, perhaps more appropriate increases.
Although the effect size of different growth trajectories is small statistically in terms of the outcomes we measured, there are a number of more subtle but equally important societal benefits from optimising intra-uterine and postnatal growth. These have been meta-analysed and published by the Maternal and Child Undernutrition Group (26) and are worth contextualising here.
Their analysis showed that enhanced nutrition was clearly associated with improved education and economic productivity, with improvement in birth weight Table 4 Regressions of change in weight-for-age and BMI Z-scores v. in subsequent generations, so the benefits are enjoyed in future generations as well. In harder-to-quantify societal terms, a greater awareness of nutrition in health will generate a community momentum to improve nutrition. At this stage our cohort is still too young to be confident that the encouraging findings can be extrapolated into adulthood. We aim to continue follow-up well beyond adolescence and hope to make additional measurements of markers of chronic disease in order to better inform future policy.
Conclusions
Children in Calicut within the ICDS scheme have greater birth weights than otherwise comparable infants in India. At the age of 8 years certain anthropometric trends are emerging. Birth weight predicts BMI and a lower WHR, suggesting a more favourable fat-free mass gain in larger babies. Faster infant growth appears weakly protective although rapid later growth is a non-significant risk factor of CVD. In summary, although these children have risk factor phenotypes comparable to other cohorts, they appear to be attenuated. The current study cannot assess the relative contributions of the ICDS and factors inherent to Kerala, but it seems likely there are a number of benefits of the state health system and the ICDS scheme that last beyond immediate infant morbidity and mortality. The integration of ICDS into the framework of the Kerala state commitment to social services illustrates what can be achieved in even the most resource-poor setting.
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